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monitored in Hammond's own studies reported nicotine concentrations 


below the calculated significant risk level. The sites were 
monitored in the late 1980s and early 1990s. More recent workplace 
measurements are significantly lower than those reported by Hammond 
-- a factor of two to 10 times lower than her calculated 



isk level." 7 ' 21 


Analysis of a Model for the Prediction of ETS 
Nicotine Exposure and Cotinine Dose in Nonsmokers 
Developed By Repace, et al. 


James Repace, OSHA panelist, and co-authors Jennifer 
Jinot (EPA) and Steven Bayard {a long-time epa employee, now on 
detail to OSHA) submitted a post-hearing comment describing the 
development of "a hybrid steady-state physico-pharmacakinetic model 
for the prediction of ETS nicotine exposure and salivary 
cotinine dose in nonsmokers." (Repace, et al. , Ex. 34 0-1,753) The 
model estimates nonsmoker nicotine exposure and cotinine dose in a 
"typical open-plan office workplace" without smoking restrictions; 
the model represents an extension of another model developed by 
Repace in 1993. 43 


The assumptions and parameters used in the model 
demonstrate that ETS exposures are a function of numerous 
variables, where the critical parameters for exposure are 
concentration, frequency and duration. However, instead of 
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satisfying those parameters directly with, data from personal 
monitoring of actual exposures, the model employs numerous 
assumptions, many of which are contrary to fact and clearly not 
"the best available evidence” for estimating ETS exposures. 

Criticisms of Repace's earlier model demonstrated that it 
greatly overestimated nonsmoker exposure to ETS (nicotine and 
respirable suspended particulate) when compared to actual measured 
exposures. ( See previous discussion in this Chapter) The current 
model, as an extension of the earlier model, commits the same error 
of overestimation of exposure. Actual measured exposures from 
recent field studies employing personal monitors, measured under 
the same conditions used in Repace's model (discretionary smoking 
under ventilation rates prescribed in ASHRAE Standard P2-1 98 9) , 
indicate levels of nicotine (and RSP) exposures chat are, on 
average, five times lower than chose predicted by the model- 6 ®' 55 
( See also Sterling and Collett, Ex. 9-27,954) 

Repace, et al., argue that the levels of nicotine- 
cotinine exposure for nonsmokers predicted by the model are in 
"good agreement" with field surveys, and the authors cite subsets 
of data from the Hammond, et al./ 9 and Emmons et al., 26 studies. 
Neither study, however, reported measured ventilation rates or the 
numbers of cigarettes smoked, both of which are required, input 
values for the model. Thus, whether or not the selected data truly 
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"verify" the Repace, et al. model is an open question. Moreover, 
the five site measurements from the Hammond, et al., study that are 
presented as supportive of the Repace, et al., model were obtained 
in open office areas within semi-industrial settings.* 5 The sample 
is not necessarily representative of, nor generalizable to, the 
typical office environment.. Indeed, when compared to more recent 
personal monitoring data from a wide variety of office/workplace 
settings, the nicotine exposure levels reported by Hammond are 
conspicuous -- they are several times higher than measurements 
reported in virtually every other recent study in the 
literature. 1 ' 21 ’ 35 (See pages 33-36, this Chapter.) 

The basic assumptions of the model do not represent 
actual workplace exposure situations. The "steady-state" feature 
of the model depends on the assumptions of (l) continuous exposure 
over time at constant exposure levels; (2) uniform exposures (to 
ETS) in all indoor areas; and (3) sameness of uptake, metabolism 
and clearance of nicotine/cotinine among individuals. However, 
these assumptions do not obtain in real-world situations. 
Nonsmokers are rarely, if ever, exposed to "steady-state" levels of 
ETS, as is evidenced by recent personal monitoring studies .’ ,-21,35 
Moreover, exposures are not uniform throughout a space where 
discretionary smoking takes place, a point acknowledged even in 
OSHA's Proposed Rule 46 . 59 Fed. Reg. 15991-15,992. ( See also 
Sterling and Collett, Ex. 9-27,952). 
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In addition, the model assumes that cotinine is a "valid 
and quantitative measure of average ETS exposure over time” (Ex. 
340-1,753, pp. 6-7), an assumption that ignores critical data to 
the contrary. First, field studies (based on actual measurements) 
report poor correlations between ambient nicotine and single point 
measurements of salivary cotinine. 7 - 11 ' 3! ' 67 The current model, with 
its "steady-state" assumption, masks this important feature of non¬ 
correlation. Second, the uptake, metabolism and clearance of 
cotinine vary greatly over time and from individual to individual. 
Such variables are portrayed in the model through the use of a 
constant function applied to all individuals. The use of a 

constant function is without adequate scientific foundation - 
Third, the Emmons, et al. , study, 28 referenced as a field survey 

that supports the Repace, et al., model, averages single-point 

cotinine values across an entire population of individuals, 
committing the same error assumed in the current model and 
addressed in Section B-5 of this Chapter. ( See pp. 17-24) 

Repace, et al., suggest that the model permits 

"calculation of the distribution of ETS exposure and dose from 
workplace smoking ..." and an assessment of "the distribution of 
ETS exposures in tr.S. workplaces . - (pp- 4, 3) - These claims 

are misleading. Even if accurate, the model has limited 
applicability to today's workplace. The model would presumably 
predict exposure only for situations in which smoking is permitted 
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ad. libidum in open office settings . By OSHA's own estimates, this 
situation would obtain in only about 10 percent of workplaces in 
the U.S. 5 9 Fed. Reg. 16,007. The model is therefore of limited 
application to current ETS exposure conditions "in the workplace, 
and contrary to the suggestion o£ Repace, et al. , cannot be 
generalized to all U.S. workplaces. 

The central question, however, is whether or not a model, 
as opposed to actual measurements of ETS constituents via personal 
monitoring, provides the "best available evidence" on workplace 
exposures to ETS. Why, given the availability of personal 
monitoring data on actual ETS exposures in the workplace, would the 
authors proffer to OSHA a model for estimating potential nonsmoker 
exposure in a limited case? It is difficult to see how a "single 
compartment model," with assumptions that are simplified and 
generalized to the point of lacking a basis in reality, can provide 
insight into actual ETS exposures in workplaces. The infinite 
variability of exposure conditions in the U.S. workplace precludes 
the use of modeling with any degree of accuracy or reliability. 
Given this, every assumption and selected parameter value used in 
the Repace, et al. , model adds a degree of uncertainty to the 
prediction of workplace exposure to ETS. Exposures to ETS, 
however, can be estimated accurately via measurements from personal 
monitors. Actual measurements of ETS constituents are therefore 
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the "best available evidence" on current workplace exposures to 
ETS. 
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